TTP12-010, CERN-PH-TH-2012-101 



Joint analysis of Higgs decays and electroweak precision observables 
in the Standard Model with a sequential fourth generation 

Otto Eberhardt a , Geoffrey Herbert b , Heiko Lacker 6 , 
Alexander Lenz c , Andreas Menzel & , Ulrich Nierste a , and Martin Wiebusch a 

a Institut fur Theoretische Teilchenphysik, Karlsruhe Institute of Technology, D-76128 Karlsruhe, Germany, 
email: otto.eberhardt@kit.edu, ulrich.nierste@kit.edu, martin.wtebusch@kit.edu 
b Humboldt- Universitat zu Berlin, Institut fur Physik, Newtonstr. 15, D-12489 Berlin, Germany, 
e-mail: geoffrey.herbert@physik.hu-beriin.de, lacker@physik.hu-berlin.de, amenzel@physik.hu-berlin.de 
c CERN - Theory Divison, PH-TH, Case C01600, CH-1211 Geneva 23, e-mail: alenz@cern.ch 

(Dated: March 2, 2013) 

We analyse the impact of LHC and Tevatron Higgs data on the viability of the Standard Model 
with a sequential fourth generation (SM4), assuming Dirac neutrinos and a Higgs mass of 125 GeV. 
To this end we perform a combined fit to the signal cross sections of pp — > H — > 77, ZZ* , WW* 
at the LHC, to pp — > VH — > Vbb (V — W, Z) at the Tevatron and to the electroweak precision 
observables. Fixing the mass of the fourth generation down-type quark b' to 600 GeV we find best- 
fit values of m t < = 632 GeV, m; 4 = 113.6 GeV and m„ 4 = 58.0 GeV for the other fourth-generation 
fermion masses. We compare the x 2 values and pulls of the different observables in the three and 
four-generation case and show that the data is better described by the three-generation Standard 
Model. We also investigate the effects of mixing between the third and fourth-generation quarks 
and of a future increased lower bound on the fourth-generation charged lepton mass of 250 GeV. 



INTRODUCTION 

While the Standard Model (SM) possesses a minimal 
boson field content, it indulges itself in the luxury of 
replicated fermion generations. It is difficult to predict 
the number of generations from fundamental theoretical 
principles; the determination of the correct number of 
fermion families is ultimately an experimental task. A 
sequential fourth generation is non-decoupling, meaning 
that its effect on certain observables does not vanish in 
the limit of infinitely heavy fourth-generation fermions. 
Among these observables are the gluon-fusion Higgs pro- 
duction cross section and the decay rate of H — > 77. This 
feature makes the SM with four generations, SM4, prone 
to be the first popular model of new physics on which the 
LHC will speak a final verdict. 

Within the three generation SM (SM3) the production 
cross section a{gg — > H), which governs pp — » H studied 
at the LHC, is dominated by a triangle diagram with a 
top quark. While the loop diagram decreases as l/m t 
for m t — > 00, this decrease is compensated by the lin- 
ear growth of the top Yukawa coupling y t oc m t . Conse- 
quently, in the SM4 the new contributions from the heavy 
t' and b' quarks will modify o(gg H) by a term which 
is independent of m t / and mj,/ at the one-loop level. One 
finds an increase by roughly a factor of 9, which seemingly 
entails a corresponding increase in the LHC signal cross 
section of Higgs decays into (virtual) gauge bosons, given 
by the product a{pp -» H) B(H WW*, ZZ*, 77). 
However, higher-order corrections to the Higgs produc- 
tion cross sections and branching ratios due to the fourth- 
generation fermions can be substantial because of their 
large Yukawa couplings. In [IH1] it was shown that, for 



light Higgs bosons, the H -> WW* and H ZZ* 
branching ratios in the SM4 can be suppressed by a fac- 
tor of 0.2 or less as compared to their SM3 values. In 
the photonic Higgs decay rate T(H — > 77) the destruc- 
tive interference between fermion and gauge boson me- 
diated contributions even leads to an accidental cancel- 
lation which would render the H — > 77 decay unobserv- 
able. As pointed out in [5], this leads to tensions with the 
observed excesses in H — > 77 searches at LHC and the 
searches for H — > bb in HW , HZ associated production 
at the Tevatron. 

In [6HP3] it was discussed that the SM4 may permit 
the decay mode H — > V4V4, where V4 denotes the neu- 
trino of the fourth generation. If the V4 is sufficiently 
long-lived, LHC triggers will not associate the V4 de- 
cay with the primary Higgs production and decay event, 
such that H — ¥ V4D4 will stay undetected. That is, with 
present experimental techniques the mere effect of an 
open H — > V4D4 channel will be an increase of the total 
Higgs width and thus a decrease of all other branching 
fractions. In this paper we will only consider the case 
of Dirac neutrinos. The fourth-generation neutrino must 
therefore be heavier than Mz/2 to comply with the in- 
visible Z width measured at LEP1. While a nonzero 
H —> V4D4 decay rate can reconcile the LHC data on 
a(pp -> H) B(H -> WW*,ZZ*) with the SM4, it will 
only increase the tensions with the excesses in H — > 77 
at the LHC and H —> bb at the Tevatron. 

In [5] it was shown that the signals for H — > 77 and 
H — » bb can single-handedly rule out the SM4 if the cur- 
rently measured signal cross sections are confirmed with 
significantly smaller errors. However, with the current 
uncertainties one must resort to a global fit to all rele- 
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vant observables to assess the viability of the SM4. The 
non-decoupling property of the SM4 implies that the SM3 
can not be considered as a special case of the SM4 where 
some parameters are fixed. This actually represents a 
conceptual problem for a standard frcqucntist analysis 
as the choice of a suitable test statistic for the defini- 
tion of p-values is no longer straightforward. We do not 
attempt to solve this issue here. Instead we simply com- 
pare the x 2 values of the two models and the pulls of the 
individual observables. In all our fits we assume that the 
observed excesses in H — ¥ 77 and H — > bb searches are 
not statistical fluctuations and we therefore fix the Higgs 
mass at run = 125 GeV. 

Stringent constraints on the SM4 are also found from 
analyses of the electroweak precision observables [Mj , be- 
cause the extra fermions induce non-decoupling contribu- 
tions to the W mass, partial Z decay widths and asym- 
metries which are very sensitive to the mass splittings 
within the fermionic isospin doublets. It has been shown 
in Ref. [T5H20] that the SM4 is compatible with the ex- 
perimental constraints from LEP if the mt'-vny and/or 
mi l -m Vi mass splittings are chosen properly. Here I4 de- 
notes the charged lepton of the fourth generation. In 
this letter we perform a global fit to the parameters of 
the SM4, using the LHC data on the abovementioned 
Higgs decays, Tevatron data on H — > bb and electroweak 
precision data. We also discuss the impact of mixing be- 
tween the third and fourth-generation quarks as well as 
the impact of an increased lower bound on the fourth 
generation charged lepton mass. For our fits we use the 
CKMfitter package, which implements the Rfit procedure 
[2T] . a frequentist statistical method. 



METHODOLOGY 

The main topic of this letter is a combined fit of the 
following (pseudo-) observables, which defines our analy- 
sis Al: 

i) the signal strengths £i(pp — >• H — >• WW*) measured 
by CMS [22] (defined below) and (i(pp -> H -> 
ZZ*) measured by CMS [22] and ATLAS [23], 

ii) the signal strengths fi(VV —> H — > 77) and ft(gg —> 
H — s- 77) for Higgs production via vector boson fu- 
sion and gluon fusion, respectively, and subsequent 
decay into two photons as measured by CMS [241 
and ATLAS [25], 

iii) the signal strength fi(pp — > HV — > Vbb) for Higgs 
production in association with a vector boson and 
subsequent decay into a bb pair, as measured by 
CDF and DO [25], 

iv) the electroweak precision observables (EWPOs) 

M z , T z , °had; ^FB' ^FB' ^FB' ^-h ^ci Aft, i?( — 



r z + z -/Thad, Re, Rbi sin 2 # ; cff measured at LEP and 
SLC [27 as well as m t , M w , T w and Aaj^ PU- 

v) the lower bounds mt>,b' ^ 600 GeV(from the LHC) 
and m h > 101 GeV (from LEP2) [Til- 



Here and in the following, the term "signal strength" 
refers to the ratio of SM4 and SM3 signal cross sections 
evaluated with the same Higgs mass 



ii(x -> h -> y) = 



a(X -> H)B{H -> Y)\ 



SMI 



a(X -> H)B(H -> Y) 



SM:i 



(1) 



where a signal cross section is given by the product of the 
Higgs production cross section and a branching fraction 
into a certain final state. 

When confronting the SM4 with electroweak precision 
data, the usual method is to compute the oblique elec- 
troweak parameters S and T [32], and compare the re- 
sults to the best-fit values for S and T provided by the 
LEP Electroweak Working Group [27] . For the SM4, such 
studies were done, for example, in Refs. [i"4 ] H9 l 120 ] 153]. 
However, it is well-known that the parametrisation of 
the EWPOs (iv) by S and T becomes inaccurate when 
some of the fourth-generation fermion masses are close 
to Mz or when the fourth-generation fermions mix with 
the fermions of the first three generations. Since here, 
we are interested in a scenario where m„ 4 < Mz we 
do not use the oblique electroweak parameters in our 
analysis, but fit the EWPOs directly. To this end, we 
use ZFitter [34*H3B1 to compute accurate predictions for 
the EWPOs in the SM3. (More precisely, we use the 
DIZET subroutine of the ZFitter package.) Then we fol- 
low the procedure of [37] and add corrections due to the 
fourth-generation fermions to the EWPOs. The differ- 
ences between EWPOs in the SM4 and SM3 are calcu- 
lated at one-loop order, but no further approximations 
are made for the EWPOs. As experimental inputs we 
use M w = 80.390 ± 0.016 GeV [33] and otherwise the 
same inputs as the GFitter collaboration 39 . With our 
program we reproduce the best-fit parameters and ob- 
servables for the SM3 within less than 10% of the (fit) 
error quoted in [33] for each parameter or observable. 
Our electroweak fit differs from the one in |39] in two 
points: we neglect the bottom and charm mass in the 
calculation of the EWPOs and we do not include theo- 
retical errors. For the present analysis we also fix the 
Higgs mass to 125 GeV. 

The current limit on the b' mass according to [30] is 
approximately 600 GeV. However, this and other limits 
on fourth generation quark masses by CMS and ATLAS 
rely on certain assumptions about the decay pattern of 
the quarks. These limits can be severely weakened if 
CKM mixing and 'cascade decays' such as t' — > b'W are 
taken into account [40] . In this letter we avoid the bounds 
on fourth-generation quark masses by fixing the b' mass 
to my — 600 GeV. The splitting between the fourth- 
generation quark masses is strongly constrained by the 
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EWPOs, so that the bound on m t / will automatically be 
satisfied. 

In close correspondence to SM3 electroweak fits such 
as [TU [39] , we let the following parameters float in our 
fit: 



process 



signal strength reference 



A, 



* (5) 

'had 



, a s , Mz, m u m t >, m v ,, m; 4 and 



'34- 



(2) 



(51 

where Aa had is the hadronic contribution to the run- 
ning of the fine-structure constant in the 5- flavour scheme 
and #34 denotes the mixing angle between the third and 
fourth generation, defined analogously to the Cabibbo 
angle. The importance of the mixing angle #34 in the 
SM4 electroweak fit was pointed out in [41]. Mixing of 
the fourth generation with the first two generations and 
additional CP violating phases can be relevant if flavour 
observables are included in the fit. However, the con- 
straints on these parameters from flavour physics are so 
strong that the allowed variations do not have a big effect 
on the observables studied in this letter. We therefore set 
these additional phases and mixing angles to zero. Note 
that we fix the Higgs mass to 125 GeV, which is the 
value favoured by the hints seen in 2011 LHC data. The 
choice of a fixed value for my does not lead to a signifi- 
cant loss of generality, as the experimental lower bound 
m b' > 600 GeV [3D] is already rather close to the scale 
where the Yukawa interactions become non-perturbative 
[412] . Also, the non-decoupling property of the most rele- 
vant quantities implies a rather mild dependence on my ■ 

We include the two-loop electroweak corrections to 
Higgs production and decay in our evaluation of the 
Higgs signal cross sections in the SM4 by means of the 
program HDECAY v. 4.45 [13J. This is mandatory, be- 
cause the flat dependence of these decay amplitudes on 
mt',b'-h i s broken by the leading two-loop corrections [I]. 
To avoid the complicated procedure of interfacing the 
HDECAY code with our program we set — for the evalu- 
ation of the Higgs signal cross sections — m t < = 650 GeV, 
#34 — and the SM parameters a, a s , Mz and m t to the 
default values of HDECAY. The dependence of the cross 
sections on m„ 4 and to; 4 is then accounted for by lin- 
ear interpolation of two-dimensional lookup-tables with 
a granularity of 0.5 GeV for m Vi and 50 GeV for m; 4 . As 
the experimental errors on the Higgs signal cross sections 
are still rather large this simplification has no noticable 
impact on our fit. 

Table [I] summarises our experimental inputs for the 
Higgs signal strengths in the different search channels: 
The signal strength for Higgs production via vector bo- 
son fusion (VBF) and subsequent decay into 77 (VV — > 
H — > 77) corresponds to the signal strength for the dijet 
class in [24] . We assume that the events in this category 
stem entirely from vector boson fusion processes. This is, 
of course, a somewhat crude approximation. There will 
also be a certain contamination from gluon fusion events 
in that sample, but lacking more detailed information on 
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TABLE I. Experimental inputs for Higgs signal strengths at 
m H = 125 GeV. 



this contamination we are forced to ignore it. The sig- 
nal strength for Higgs production via gluon fusion and 
subsequent decay into 77 (gg — » H — > 77) was obtained 
by removing the dijet contribution from the combined 
result for the signal strength in [23] and combining the 
result with the one from 25J. In doing this, we implicitly 
neglect all Higgs production mechanisms except gluon 
fusion and vector boson fusion. The signal strength for 
pp — s- H —> ZZ* is a combination of the results presented 
in [12] and [23] . The signal strength for pp -> H ->• WW*_ 
was taken from 22J . The input for the pp — > HV — > Vbb 
process is taken from the latest Tevatron search [35] for 
Higgs bosons produced in association with a W or Z bo- 
son and subsequently decaying into a bb pair. 

For the computation of signal cross sections in the SM4 
we use an effective coupling approximation along the lines 
of [44] [45]. Specifically, we calculate the SM4 signal 
cross sections by taking SM3 production cross sections 
for the different production mechanisms from [46 (LHC) 
and [171 25] (Tevatron) , scaling them with corresponding 
SM4/SM3 ratios of related partial Higgs decay widths 
and multiplying with the SM4 branching fractions calcu- 
lated by HDECAY. For instance, the SM4 signal cross 
section for gg — > H — > 77 is calculated as 



c(5.9 -> H -> 77)sm4 = cr(gg -> H) 



SM:S 



r(g -> gg) 
T(H -> gg) 



SM4 
SM3 



£(#^77)sm4, (3) 



with a(gg — > -ff)sM3 taken from 46J and the remaining 
quantities on the right-hand side calculated by HDECAY. 
The factor T(H —> gg)suA/^(H —> gg)sM3 accounts for 
the modified Hgg effective coupling in the SM4. For 
the VBF process VV — > H — s- 77 the Higgs can come 
from a HWW or HZZ vertex. We assume that 75% 
of the production cross section comes from WW fusion 
and 25% from ZZ fusion. These ratios were obtained 
from [1PJ, which implements the NLO results from [50] , 
Equations analogous to ^ are then used separately for 
the WW — > H and ZZ — > H production modes. For 
the pp -> H -¥ WW* and pp -> H -> ZZ* signal cross 
sections all production mechanisms were taken into ac- 
count. For the (Tevatron) pp HV —> Vbb process 
only the H W and HZ associated production mechanisms 
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contribute. The corresponding SM3 production cross sec- 
tions were taken from [48]. Like the LHC cross sections 
these were scaled with the SM4/SM3 ratios of H -> WW 
and H — > ZZ partial widths, respectively, and multiplied 
with the SM4 H — >• bb branching fraction. 

In order to disentangle the impacts of the Higgs 
searches and the electroweak precision observables we 
perform a second fit, denoted as analysis A2. In this 
analysis we only fit the Higgs data, ignoring the EWPOs 
altogether. Here we only let m„ 4 and m; 4 float, while 
keeping m t i fixed to 650 GeV. 



Pulls of the Higgs signal strengths 



99 -> H -> 77 
VV -> H -> 77 
pp -> H -> WW 
pp^H ^ ZZ 
pp -> H -> bb 




SMS 
SM4 
SM4+EWP0 



— 3(7 —2(7 —1(7 



+ 1(7 +2(7 +3(7 



RESULTS 

From Table U we see that the searches for VV — ¥ H — ¥ 
77 and pp —¥ HV — > prefer an enhancement of the 
SM signal while the searches for pp — > H — » WW* and 
pp — )• — > ZZ* prefer reduced signals. Thus, only 
the pp — > if — > WW* and pp -» if — > ZZ* searches 
favour a large invisible Higgs decay width and our fits 
must choose a neutrino mass that compromises between 
the two tendencies. The result of our analysis A2 (fit- 
ting Higgs signal strengths only) is m„ 4 = 60 GeV and 
to; 4 = 600 GeV (the latter being the upper end of the 
range in which m; 4 was allowed to float). So, the best- 
fit neutrino mass is just below the if — > v^v^ threshold, 
leading to B(H — > V4V4) w 0.46. The minimum x 2 value 
in this fit is 18.2. This should be compared to the x 2 
value of 6.1, which is obtained in the SM3. These results 
agree with a recent analysis of this type by Kuflik, Nir 
and Volansky [5T]. Their conversion of the \ 2 values to 
confidence levels should however be taken with a grain of 
salt since, in their analysis, some of the SM4 parameters 
were scanned over but not counted as degrees of freedom 
when converting \ 2 values into confidence levels. In gen- 
eral, the number of degrees of freedom of a fit is ill-defined 
when parameters are only allowed to float within a cer- 
tain range (such as the fourth generation fermion masses) 
and the relation between the \ 2 value and the confidence 
level is no longer described by the normalised lower in- 
complete gamma function. Due to the afore-mentioned 
conceptual problems with the definition of a suitable test 
statistic for the comparison of SM4 and SM3 we refrain 
from converting our \ 2 values into p- values and only dis- 
cuss the pulls of the individual signal strengths. We hope 
to shed more light on the issue of a quantitative compar- 
ison of the SM3 and SM4 in a future publication. 

The best-fit charged lepton mass in the analysis A2 is 
at the upper end of the range in which it was allowed 
to float. Of course, such a large mass splitting within 
the lepton doublet is ruled out by electroweak precision 
data. In our analysis Al (combination of EWPOs and 
Higgs signal strengths) we obtain the following best-fit 



FIG. 1. Deviations (pulls) of the predicted signal strengths 
from the measured signal strengths in units of the experimen- 
tal errors. The pulls are shown for the SM3 and the two SM4 
scenarios, corresponding to our analyses Al (SM4 w. EWPO) 
and A2 (SM4 w/o EWPO). 

values: 

m Vi = 58.0 GeV , m u = 113.6 GeV , 
m v = 632 GeV , XsM4,mi„ = 33.4 . (4) 

We see that the best-fit charged lepton mass is now 
just above the LEP limit. The best-fit neutrino mass 
has moved to a slightly lower value, leading to B{H — > 
vij>\) ss 0.66. The minimum \ 2 value should be com- 
pared with the SM3 value Xsm3 min = ^1.7. 

Figure [l] shows the pulls of the signal strengths in the 
SM3 and SM4 for our analyses Al and A2. The pulls are 
defined as (/t pro( j — /i oxp )/A/i, where fi exp and A/t are the 
experimental values and errors of the signal strengths in 
Tableland Aprcd is obtained by removing the experimen- 
tal input for the corresponding signal strength from the 
fit and using the other observables to predict its value. 
We see that the pulls for the analyses Al and A2 are 
essentially the same. This can be understood as follows: 
the main effect of including the EWPOs in the fit is that 
the lepton mass is constrained to smaller values, but the 
Higgs signal strengths are not sensitive enough to the 
lepton mass for this to make a big difference. With the 
exception of pp — s- if — >• ZZ* , the pulls in the SM4 are 
always bigger than in the SM3, their magnitude being 
around 2a. For pp -> ff — s- ZZ* the predicted SM4 sig- 
nal strength is equal to the measured one while the pull 
in the SM3 is about 0.5<r. This agreement of the SM4 is 
however purely accidental. 

In Fig. [2] we show the minimum x 2 as a function of 
m Vi and minimised with respect to the other parameters 
in ([2]) for our analyses Al and A2. The x 2 value of the 
SM3 is indicated by the dotted line. We see that the 
SM3 has a smaller x 2 value than the SM4 for any choice 
of m„ 4 . In both analyses the best-fit value of m„ 4 is 
near 60 GeV, i.e. just below the H — > U4D4 threshold. 
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FIG. 2. Minimum \ values for a fixed neutrino mass as a 
function of m„ 4 . Results are shown for the two SM4 anal- 
yses Al (red) and A2 (blue). The dotted lines indicate the 
corresponding SM3 minimal \ 2 value. 



FIG. 3. Minimum x values in the analysis Al for m; 4 > 
250 GeV as a function of the (fixed) neutrino mass ra„ 4 . 
The dotted lines indicate the corresponding SM3 minimal \ 2 
value. 



For m„ 4 < 60 GeV the Higgs signal strengths favour 
a small lepton mass while for m„ 4 > 60 GeV a large 
charged lepton mass is preferred by direct Higgs searches. 
Since EWPOs forbid too large mass splittings (of order 
100 GeV or more) in the lepton doublet the increase of x 2 
at m„ 4 « 60 GeV is more pronounced in the analysis Al. 
Above the H — > V4V4 threshold the % 2 value is essentially 
independent of m Vl . As m Vi approaches Mz/2 the \ 2 m 
the analysis Al blows up due to threshold effects in the 
EWPOs. 

In a sensitivity study |52| for fourth-generation charged 
lepton searches at the LHC it was found that with 1 fb _1 
of data the LHC experiments should be able to rule out a 
fourth-generation charged lepton with a mass below ap- 
proximately 250 GeV. Currently there are no experimen- 
tal results available for these searches. Let us nonethe- 
less investigate what happens if the mass bound for the 
fourth-generation charge lepton moves up to 250 GeV. 
Fig. [3] shows the % 2 of our analysis Al with a modified 
charged lepton mass limit m; 4 > 250 GeV as a func- 
tion of m Vi , minimized with respect to all other param- 
eters. We see that the \ 2 is constant at a value of 36 for 
m u4 160 GeV. For neutrino masses below 160 GeV the 
electroweak fit can no longer accomodate the large mass 
splitting in the lepton sector and the x 2 blows up. Thus, 
for m; 4 > 250 GeV (and the case of Dirac neutrinos) the 
scenario with the invisible H — > V4V4 decay is completely 
ruled out by electroweak precision observables. 

The impact of mixing between the third and fourth 
generation quark is negligible in the analysis Al. The fit 
prefers #34 = and therefore cannot be improved by let- 
ting 6*34 float. The constraint on #34 imposed by EWPOs 
and Higgs signal strengths can be studied by using the 
difference between the minimal x 2 in the SM4 with #34 
free and #34 fixed as a test statistic. Since we are now 
comparing two different realisations of the same model 
(SM4) there is no problem with the conversion of x 2 va l~ 
ues to p- values. Fig. [4] shows the p- value as a fuction 834. 




0.02 0.04 0.06 0.08 0.1 0.12 0.14 



FIG. 4. p-value scan of the CKM mixing angle #34 between 
the third and fourth generation quarks in the analysis Al. 



We see that Higgs signal strengths and EWPOs require 
#34 0.08. However, this picture could change dramati- 
cally if flavour observables were included in the fit: A re- 
cent analysis shows that the SM3 fails to describe flavour 
physics observables at the level of 2.7a [53H56] , Since the 
SM4 can alleviate the discrepancies in the flavour data, 
the overall picture may still change in favour of the SM4 
in a complete analysis of Higgs decay, electroweak preci- 
sion, and flavour data. Such an analysis is beyond the 
scope of this letter. 



CONCLUSIONS 

Assuming a Higgs mass of 125 GeV we have performed 
a global fit to the parameters of the SM4, combining 
data on electroweak precision physics and five different 
Higgs searches: H — » 77 produced by gluon fusion at 
the LHC, H — > 77 produced by vector boson fusion at 
the LHC, inclusive searches for H — > WW, ZZ at the 
LHC and W,Z associated production and decay to bb 
at the Tevatron. With the exception of the inclusive 
H —> ZZ search the pulls of the signal cross sections in 
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the SM4 exceed those of the SM3 by 0.5a or more. Also 
the electroweak precision observables are described bet- 
ter in the SM3. With a lower bound of 100 GeV on the 
fourth-generation charged lepton mass the best-fit SM4 
scenario has a fourth-generation neutrino mass around 
60 GeV, i.e. just below the H — > 1/4D4 threshold. If 
the lower bound on the fourth-generation charged lepton 
mass moves up to 250 GeV the electroweak precision ob- 
servables constrain m„ 4 to be larger than approximately 
160 GeV and scenarios with invisible H —> V4V4 decays 
are ruled out. The mixing angle #34 between the third 
and fourth generation quarks is constrained to be smaller 
than 0.08. However, since the SM4 can alleviate the dis- 
crepancies in flavour observables, the overall picture may 
still change in favour of the SM4 when flavour observables 
are included in the fit. On the basis of electroweak preci- 
sion data and Higgs searches alone the SM4 is certainly 
disfavoured. A quantitative comparison of the SM3 and 
SM4 in terms of p-values is problematic since classical 
likelihood ratio tests for nested models are inapplicable 
due to the non-decoupling nature of the SM4 fermions. 
We hope to shed more light on this subject in a future 
publication. 
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